The fourth through sixth parity of 5-to 10-yr-old cows were used to evaluate trade-offs involved with sires of large mature size vs medium mature size in a terminal sire crossbreeding program and to characterize five breeds and their crosse s for their potential as dam lines. Charolais and Red Poll bulls, representing large (L) and medium (M) mature size, respectively, were mated to cows representing Angus (An), Brahman (Br), Hereford (He), Holstein (Ho) and Jersey (Je) and their crosses (reciprocals pooled). Cows were randomly assigned for mating to either an L or M bull for each breeding. Size of calf sire did not influence (P>.lO) the subsequent calving interval of cows. Calving intervals for the straightbred (SB) dairy breeds (Ho and Je) were longer than for SB An and He, but the difference did not exist among the respective crossbred (CB) cows. As a group, Br crosses had shorter intervals than the other CB groups. Crossbred cows exhibited intervals that were 16 d shorter (P<.0$) than SB. Calves sired by L bulls were larger (P<.01) and faster gaining (P<.O1) for all measures of size and growth studied, but exhibited lower (P<.01) survival rates to weaning than M-sired calves. Calves of CB dams were 1.5 kg heavier (P<.01) at birth than calves of SB dams and slightly greater (nonsignificant) hip and shoulder measurements were observed. Significant maternal heterotic effects for weaning weight (14.6 kg), weaning height (1.6 cm) and preweaning average daily gain (63 g) illustrate the importance of maternal he~erosis. Results indicate that breed differences and maternal heterosis should be considered when comparing breed types to be used as dam breeds, and that sire breeds should not be evaluated solely on growth and size.
I ntroduction
Crossbred cows have generally been shown to be more productive than straightbred cows for number and weight of calves at weaning (Long, 1980) . Successful utilization of existing variation among breeds and their crosses to improve the efficiency of beef production depends on accurate estimates of expected performance of these breed types for characters of economic importance.
The use of large, growthy sire breeds has been demonstrated as a method of increasing weaning weights and growth potential of calves (Mason, 1971; Smith et al., 1976; Notter et al., 1978b; . Calves sired by bulls representing these large breeds also have exhibited more calving difficulty and higher mortality rates than calves sired by bulls representing smaller breeds (Mason, 1971; Smith et al., 1976; Notter et al., 1978a; . Several studies provide information that allows for the evaluation of trade-offs involved in using sires from large vs moderate-size breeds (Gregory et al., 1978 (Gregory et al., , 1979 Notter et al., 1978a,b; Kress et al., 1984; Lawlor et al., 1984) . However, most of the previous studies have not utilized a wide range of biological types of females. Objectives of the present study were to characterize mature cows of five breeds and their crosses (reciprocals pooled) for their potential as dam lines when mated to sire breeds representing two mature sizes, and to quantify the impact of
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Data and Procedures
The experiment was conducted at the Texas A&M University Agricultural Research Center at McGregor. Charolais and Red Poll bulls were mated to cows representing Angus (An), Brahman (Br), Hereford (He), Holstein (Ho) and Jersey (Je) and their crosses (reciprocals pooled). An account of sampling procedures for obtaining females and their early management was presented by Long et al. (1979) . Red Poll bulls were obtained from the U.S. Meat Animal Research Center; Charolais bulls were purchased from a private herd in Texas. Inferences about the Charolais and Red Poll breeds could be misleading due to non-random selection of the sires.
Cows entered this experiment after they had completed three parturitions. Cows were randomly assigned to be mated by natural service to Charolais or Red Poll bulls after each calving. This practice was continued until the cows had three parturitions. Charolais and Red Poll bulls were chosen for this study because they differ in mature size and because neither breed was represented in the genetic background of the cows. Charolais and Red Poll were chosen to represent large (L) and medium (M) size cattle, respectively, based on growth rate and mature size of crosses involving these two breeds (Gregory et al., 1982) . This distinction is not intended to imply that breed differences are solely a function of mature size.
Cows were mated year around in single-sire herds. Bulls in the breeding herds were replaced approximately every 2 mo with bulls of the same breed. Bulls were required to rate satisfactorily on semen evaluations before being placed with the breeding herds. Twelve Charolais and 10 Red Poll bulls were used during the study; most of the sires were represented across several years. Management procedures and data collected were similar to those described for the first three parturitions by McElhenney et al. (1985) . However, data on postpartum interval were not collected. Distribution of observations by size of sire and breed type of dam is presented in table 1.
All statistical analyses were conducted by the method of least-squares for unequal subclass numbers (Harvey, 1975) . Data from twins were excluded from the analyses. Calving was considered not difficult if little or no difficulty was experienced at parturition. Survival to 24 h and to weaning was recorded as 0 and 1 for dead and live calves, respectively. Calving interval was analyzed with a model that included main effects of service sire size, breed type of cow, season, sex, year and parity. An interaction effect for service sire size • breed type of cow was also included. All other characters were analyzed with a similar model, except that sire size (the size of the sire of the calf) was substituted for service sire size. In addition, a covariate for age of the calf at weaning was used in the analyses of calf weaning weight and height.
Service sire size refers to the size of the sire mating cows at initiation of the interval. Year, season, sex of calf and parity are also associated with the initiation of the calving interval. Preliminary analyses indicated that size classification of calf did not influence (P>.10) calving interval, and it was removed as a main effect for the final model.
Linear functions of the breed type of cow constants were used to compute the overall straightbred and crossbred (F 1) cow means. Dickerson (1969) showed that the difference between the progeny performance of F1 and straightbred dams that were mated to sires of a third breed estimates maternal heterosis (h M) in the absence of recombination effects. Linear contrasts were calculated to compare the overall crossbred (F1) cow means to the overall straightbred cow means and the means of each crossbred cow type with the average of its parental breeds.
Results and Discussion
Calving difficulty and calf mortality to 24 h were relatively low during this phase of the project. The distribution of calving difficulty and number of live calves at 24 h by sire size and breed type of dam are presented in table 1, but these characters were not statistically analyzed.
Mean squares are shown in table 2 for characters measured at parturition and at weaning. Cow breed type, service sire size, year and parity were significant sources of variation for calving interval. Least-squares constants for parity indicated that older cows had shorter intervals than younger cows, but these estimates are subject to bias due to culling of cows for reproductive performance. The culling policy (McElhenney et al., 1985) was considered more lenient than usual practice.
Because culling due to reproductive failure tends to result in more fertile cows, as a group, being retained for each subsequent parturition, the effects of age on calving interval may be biased upward.
Effects of sire size and dam breed type were significant for all characters measured on the calf with the exception that dam breed type did not affect (P>.10) survival to weaning. The sire size • dam breed type interaction was nonsignificant for all characters studied, but it was retained in the statistical model because evaluation of this interaction was an objective of this study.
Effects of sex and season on characters measured on the calf were generally significant and similar to those presented for the first three parturitions (McElhenney et al., 1985) . Fourth parity cows had slightly larger calves at birth than older cows, but no differences among parities were detected for weaning characters. Calves produced in this study were from mature cows (5 to 10 yr of age) and small differences among parities were expected.
Calving Interval. Least-squares means for calving interval for breed type of cow and for size of service sire are presented in table 3. Kress et al. (1984) suggested that calves with greater growth potential stressed their dams more, which resulted in lower pregnancy rates of cows nursed by calves with higher growth rates. Preliminary analyses of these data failed to detect differences in calving intervals due to size of sire of calf. However, cows with male calves exhibited longer (P<.10) intervals than cows with female calves (414.8 + 4.9 d vs 405.2 + 5.1 d). Cows nursed by female calves were shown to have higher condition scores than cows nursed by male calves , presumably due to the stimulation of greater milk production as a result of more frequent nursing by the male calf (Cartwright and Carpenter, 1961) . While body condition is recognized as a critical factor affecting rebreeding performance (Dziuk and .Bellows, 1983 ) , complete understanding of the mechanisms involved in this phenomenon has not been acheived.
Larger differences were observed between the two sexes for preweaning average daily gain and weaning weight than between the sire sizes. This comparison suggests that the difference between the two sire breeds for calf growth was too small for the difference in calf growth rates to affect the calving interval of their dams sufficiently to be measured in the present study. Differences between the sire sizes for calf growth are more fully discussed below. Although size of sire of calf did not significantly affect calving interval, calving intervals were 12 d longer (P<.05) for M service sire size. Bulls in both groups were considered satisfactory in semen quality; however, variation in semen quality as well as differences between the two groups in libido, physical stamina or mating ability may have existed.
Least-squares means for calving interval were generally shorter than for the first three parturitions (McElhenney et al., 1985) and considerable change in ranking occurred among the cow breed types between the two studies. Among the straightbreds (SB), An and He had the shortest intervals during the present phase. Long calving intervals were characteristic of Br and Br crosses during early parities of this project (McElhenney et al., 1985) , but their calving intervals during the later parities were greatly reduced. Calving intervals for the dairy breeds and their crosses remained about the same or became slightly longer.
The change in rank for calving interval among cow breed types that occurred between the two phases of this project may be explained by an interaction between cow breed type and type of service or age of cow. During the first phase, artificial insemination (AI) and young cows were utilized. Thus, cow breed type x type of service (AI vs natural) and(or) breed type • age of cow interactions are plausible explanations for the change of breed type ranking for calving interval that occurred between the two phases of this project. It is generally recognized that Br are slow-maturing (Nelsen et al., 1982) , and low AI conception rates for Br females have been reported (Soren-sen et al., 1980) . These traits of Br may extend their calving intervals, relative to other breeds of cattle, when AI is utilized and(or) during the early part of their reproductive lives. A partial explanation for Br females having low AI conception rates is because time of insemination is generally based on research with other breeds of cattle, but Br females ovulate sooner after the onset of estrus than other breeds (Randel, 1984) .
As a group, Br crosses had 32 d shorter intervals than the average of the other crossbred (CB) groups. Overall, CB cows exhibited 16 d shorter (P<.05) intervals than SB; the difference was primarily due to the Br crosses. The only major exception to CB cows having shorter intervals were the AnHe, which had 34 d longer (P<.05) calving intervals than the average of their parental breeds.
Preweaning Growth and Survival. Leastsquares means for measures of calf growth and survival are presented in tables 3 and 4. Calves sired by L bulls were larger (P<.O1) and fastergaining (P<.01) than M-sired calves for all brith and weaning characters. Others have reported greater growth to weaning for large, growthy sire breeds (e.g., Smith et al., 1976; Notter et al., 1978b; compared with smaller sire breeds. Calves sired by M bulls exhibited 9.8 percentage points higher (P<.01) survival rate than L-sired calves. Hence, these results suggest that the use of L sires to increase weaning weight (205.7 kg vs 220.9 kg for M vs L sires) on a per calf basis may slightly decrease weaning weight on a per calf born basis (205.7 kg • .953 = 196.0 kg vs 220.9 kg • .854 = 188.6 kg for M vs L sires).
Overall calving difficulty was considered low (<2%) in the present study. The difference in calving difficulty between the two sire size groups does not seem to account fully for the difference in calf mortality between the two groups, even though calf survival has been shown to be associated with calving difficulty (Smith et al., 1976; Notter et al., 1978a) . Smith et al. (1976) reported that calf survival from 24 h postpartum to weaning was not influenced by calving difficulty. Gregory et al. (1978) observed that CB calves sired by largebreed sires had higher perinatal losses and also had higher losses from 72 h to weaning. These results suggest that other factors associated with sire size, in addition to recorded calving difficulty, affect calf survival to weaning. A trend for differences among cow breed types to become smaller during this latter phase of the project as compared with the earlier phase (McElhenney et al., 1985) was observed for characters measured on the calf. A partial explanation for the differences among the cow breed types becoming smaller was that the calves were genetically more similar during the latter phase of the project; however, a cow breed type • age of dam interaction may exist. Although differences among cow breed types became smaller, few changes in rank among the breed types occurred for measures of calf size at birth between the two phases.
Among SB, Ho dams produced the largest calves, Je dams produced the smallest calves and calves produced by the other SB were intermediate in both phases at birth. Minor changes in ranking did occur among CB; calves produced by Hello and BrJe cows were the largest and smallest, respectively, in both phases. Cow breeds ranked the same based on their average in crosses with other breeds and based on their SB means.
Calves produced by CB dams were 1.5 kg heavier (P<.01) at birth than calves produced by SB dams, but small differences existed between the two groups for shoulder or hip widths. All crossbred dam types had heavier calves at birth than the average of their respective parental breeds, suggesting that positive maternal heterosis for birth weight exists, but this effect was detected (P<.05) only for BrHo, Hello and HeJe. Nonsignificant contrasts for hip and shoulder widths suggest that maternal heterosis for these characters is small or nonexistent.
Holstein were heaviest and tallest at weaning and had the highest preweaning gain, while He were lightest, shortest and slowest gaining. Because 60 to 66% of the total variation in calf weaning weight has been shown generally to be attributable to the dam's milk yield (Neville, 1962; Rutledge et al., 1971 ), higher-milkproducing dam breed types would be expected to wean heavier calves, unless their direct additive effects for preweaning growth and size were much smaller. Although untested under pasture conditions in this study, Ho and Je are generally accepted as heavier milking than the other breeds included in this study. Ranking of the remaining SB dams for preweaning growth and size closely agrees with previous reports on maternal abilities of the breed types (Cartwright et al., 1964; Long and Gregory, 1974; Smith et al., 1976; Reynolds et al., 1980) .
Calves produced by Je dams were larger at weaning and had higher preweaning gains than calves by He and An cows. The lower performance for Je relative to the An and He during the earlier phase, and the reversal in ranking that occurred during this latter phase, demonstrates the importance of direct and maternal effects on preweaning growth. In the first phase, sire breed type was totally confounded with dam breed type. Sire size was crossclassified with dam breed type during the second phase. The nonsignificant interaction between sire size and dam breed type may indicate that larger differences in direct effects for growth between sire breeds must exist before dam breed type comparisons are markedly affected.
Crossbred dams produced calves that gained 63 g/d faster (P<.01) to weaning, and were 14.6 kg heavier (P<.01) and 1.6 cm taller (P<.01) at weaning than calves produced by SB cows. Crossbred cow groups involving Br and Ho produced calves that tended to be heavier and taller at weaning and faster gaining to weaning, while the other CB groups were similar in performance for these characters. Larger estimates of maternal heterosis were observed for the Br and He CB groups than for other CB groups. These estimates of maternal heterosis for weaning weight are in the upper range of those reported previously (Long, 1980) . Since cows in the present study were considered mature, this result appears to be different from reports of a decline in maternal heterosis for weaning weight with advancing cow age (Cundiff et al., 1974; Spelbring et al., 1977) . However, the magnitude of the dependence of maternal heterosis on the genotype of the calf should also be considered, even though the sire size • cow breed type interaction was not significant in the present study.
No differences among the dam breed types were detected (P>.10) for calf survival to weaning. Crossbred calves produced by An dams did not exhibit the low mortality rates of SB An calves, and CB calves produced by Br dams did not show the high death losses observed for SB Br calves during the first phase of this project. Long (1980) reported heterosis estimates for calf survival to weaning as a character of the cow ranging from -3 to 8%, with a mean of 1%. The cow effect on calf survival has been associated with the nutrition the cow provides (Notter et al., 1978a) . If this is true, then a point of diminishing return, or a threshold for milk production, is certain to exist. Because all of the cows in this study were considered mature, the cows were probably beyond this threshold point for milk production. Lower mortality rates due to dystocia in mature cows reduces differences among cow breed types for calf survival. This reduction in calving difficulty may have also contributed to other results obtained in the present study.
Conclusions
Lack of significant sire size x cow breed type interactions suggests that the relative or absolute ranking of breed types used for dam lines does not depend on the breed of sire of the calf. However, caution should be exercised when extrapolating these results to studies where larger differences in direct additive effects for the sire breeds exist. The lower survival rate of L-sired calves indicates a need for the identification of the biological mechanisms involved in calf mortality before the benefits from the increased growthiness of calves sired by large sires can be fully realized.
Effects of maternal heterosis tended to be larger for Br and He CB groups than for other CB groups, especially for preweaning measures of size and growth. Breed differences and maternal heterosis differences among crosses should be considered when developing breeding programs aimed at increasing the efficiency of beef production.
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